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ABSTRACT  Q£Q  g  jg^ 

A  furnace  capable  of  producing  either  spontaneous  or  pilot- 
ignition  and  measuring  temperatures  at  which,  these  ignitions^ocMiiUl  /J£C0/J/;$ 
has  been  designed  and  constructed  for  use  in  ignition  studies  of 
fine  forest  fuels.     One-inch-long  sections  of  conifer  needles,  grass 
stems  and  leaves,  and  rotten  wood  represent  the  type  of  fuels  capable 
of  being  ignited  and  tested  in  this  furnace.    Time-temperature  rela- 
tions for  the  ignition  process  of  various  fuels  may  be  determined  by 
using  a  three-channel  plotter  on  which  thermocouple  traces  for  tem- 
peratures of  the  ignition  chamber  and  fuel  sample  are  recorded. 

Determinations  of  total  heat-flux  output  of  the  furnace  and 
various  methods  of  heat  transfer  were  determined  for  an  airflow  of  5 
liters  per  minute;  convective  heating  contributed  55.4  percent  and 
radiative  heating  contributed  44.6  percent. 

Studies  to  investigate  the  ignition  properties  of  fine  forest  fuels  required  the 
design  and  fabrication  of  an  ignition-producing  heat  source.     A  review  of  research  that 
has  been  conducted  on  the  ignition  of  cellulosic  materials  revealed  that  a  variety  of 
ignition-producing  devices  were  used  by  previous  workers.     These  devices  varied  widely 
as  to  type  of  heat  source  utilized  and  manner  in  which  ignition  was  accomplished. 


Respectively,  Research  Forester,  stationed  in  Missoula,  Montana,  at  the  Northern 
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Figure  1. — Ignition  furnace  assembly. 

Prince  (1915)  used  an  electric  oven  at  various  temperatures  to  drive  volatiles 
from  blocks  of  wood  for  ignition  by  a  pilot  flame.     Doyle2  and  Space3  used  an  electric 
hotplate  as  a  heat  source  for  their  ignition  studies.     Wright   (1932)  used  heated  discs 
of  metal  dropped  on  the  forest  floor  to  determine  ignition  temperatures  of  forest  floor 
duff.     Brown    and  VanKleeck5  were  two  of  the  earlier  workers  who  heated  the  sample  in 
an  airstream  and  attempted  to  measure  the  temperature  of  the  sample  at  the  time  of 
ignition . 

Early  studies  utilizing  a  radiative  heat  source  were  made  in  England  by  Lawson  and 
Simms   (1952).     Also,  the  threat  of  possible  use  of  thermonuclear  weapons  motivated  a 
series  of  studies  by  Butler  (1955),  Martin  (1958,  1959,  1963),  Brown  (1964),  and  others 
using  a  high-intensity  carbon  arc  for  ignition. 
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Figure  2. — Basic  unit  of  ignition  furnace. 


VonDeichman  (1960)  and  Mutch  (1964)  using  a  modified  Jentzch  ignition  tester  de- 
termined ignition  time-temperature  curves  for  various  forest  fuels  that  had  been  reduced 
to  a  common  physical  consistency. 

Although  extensive  data  have  been  reported  in  the  literature,  many  of  the  reported 
results  are  inconclusive.     The  definition  of  ignition  has  varied  widely  in  interpreta- 
tion and  the  methods  used  to  produce  ignition  have  given  widely  diversified  results. 
In  addition,  many  of  the  studies  have  been  theoretical  in  nature;  while  this  has  added 
to  the  knowledge,  it  has  produced  little  of  practical  value. 

A  need  has  existed  for  an  apparatus  capable  of  igniting    sections    of  wildland 
fuels  under  naturally  occurring  conditions.     Since  the  relation  between  ignition  time- 
temperature  and  heat  intensity  is  highly  dependent  on  the  type  of  heat  transfer  mecha- 
nisms used  to  produce  the  ignition,  this  mechanism  should  be  identified  and  quantified 
as  precisely  as  possible.     The  researcher  must  know  the  proportions  of  heat  transfer 
methods  existing  in  the  ignition  device  to  correctly  interpret  test  results.     The  appa- 
ratus also  should  be  capable  of  producing  and  measuring  temperatures  for  both  spontane- 
ous and  pilot  ignition. 

A  general  view  of  the  ignition  furnace  assembly  is  given  in  figure  1. ■  The  basic 
unit  of  the  furnace  consists  of  a  57  mm.  O.D.  Pyrex  glass  tube  32  inches  long  into  which 
a  16-inch  length  of  45  mm.  O.D.  Pyrex  glass  tubing  has  been  inserted,  as  shown  in  figure 
2.     The  smaller  tube  was  closed  at  one  end  and  support  nodules  formed  at  four  locations 
on  this  closed  end  before  insertion  into  the  larger  tube.     A  washer  was  cut  from  1/2- 
inch  asbestos  board  to  support  the  open  end  of  the  tube  and  to  form  a  seal  between  the 
inner  and  outer  tubes.     Three  holes  3/16-inch  in  diameter  had  previously  been  drilled 
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Figure  3. — Heater  assembly  of  ignition  furnace  showing  heating  units }  enclosed  in 
ceramic,  in  place  around  the  glass  tube  unit. 

through  the  smaller  tube  at  equidistant  spacing  on  the  circumference  (figure  2) .  A 

number  10/30  ground-glass  joint  tube  was  fitted  to  the  assembly  by  drilling  holes  of 

the  proper  size  in  both  the  inner  and  outer  glass  tubes  a  distance  of  12  inches  from 

the  open  ends  of  the  tubes.     The  function  of  this  ground-glass  joint  was  to  serve  as  an  * 

air  outlet  for  the  ignition  chamber  within  the  inner  tube.    An  air  inlet  tube  was  then 

fused  to  the  outer  glass  tube  (figure  2) . 

Heat  is  supplied  to  the  double  tube  assembly  by  three  sets  of  Lindborg  heating 
units   (figure  3).     Power  to  each  set  of  units  is  controlled  by  a  variable  voltage  trans- 
former.    The  temperature  of  the  tube  assembly  at  each  of  the  units  is  monitored  by  a 
28-gage  chromel-alumel  thermocouple  placed  between  the  heating  unit  and  the  glass  tube. 
The  use  of  three  separately  controlled  heating  units  provided  a  nearly  constant  tempera- 
ture profile  for  the  entire  length  of  the  furnace. 

The  entire  tube  and  heater  assembly  was  insulated  with  alumina  wrap-around  insula- 
tion (figure  4)  with  the  exception  of  an  observation  port  for  the  ignition  chamber. 
The  entire  unit  was  covered  with  a  sheet  of  16-gage  stainless  steel  fastened  to  the 
furnace  assembly  with  No.  8  self-tapping  screws   (figure  5). 

To  insure  adequate  oxygen  for  combustion,  compressed  air  is  furnished  the  system 
through  a  flow  meter;  this  air  passes  into  the  air  inlet  through  a  loosely-packed  mass 
of  stainless  steel  wool,  and  then  flows  through  the  3/16-inch  holes  at  the  end  of  the 
smaller  ignition  tube  assembly  into  the  actual  ignition  chamber.     The  air  is  then  ex- 
hausted through  the  ground-glass  joint  that  is  located  directly  above  the  ignition  < 
chamber . 

The  fuel  sample  is  placed  on  an  ignition  boat  assembly  (figure  6)  which  is  mounted 
on  a  slide  mechanism  to  allow  manual  insertion  into  the  ignition  chamber.  Insertion  of 
this  assembly  into  the  chamber  operates  a  microswitch  that  activates  a  three-channel 
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Figure  4. — Insulation  of  furnace  tube  and  heater  assembly. 


Figure  5. — Stainless  steel  covering  and  support  assembly  of  furnace. 
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Figure  6. — Ignition  boat  assembly  mounted  on  slide  mechanism 
(thermocouple  reference  junctions  are  in  background). 

recorder.  This  recorder  plots  temperature  of  the  ignition  chamber  and  fuel  sample's 
surface  temperature  against  time.  These  two  temperatures  are  obtained  by  two  0.003- 
inch  chromel -alumel  thermocouples  on  the  ignition  boat  assembly  (figure  7). 

The  necessary  heat  flux  for  producing  spontaneous  ignition  is  obtained  by  regulat- 
ing the  furnace  temperature  and  volume  of  airflow.     Pilot  ignition  is  provided  by  in- 
serting a  small  gas  flame  through  the  exhaust  port  into  a  position  directly  above  the 
fuel  sample  being  tested.     This  pilot  flame  is  provided  and  accurately  positioned  by  a 
hypodermic  needle  mounted  on  a  modified  microscope  stage. 

The  entire  ignition  process  may  be  observed  through  the  furnace's  observation  port. 
An  interrupter  circuit  to  the  recording  pens  marks  the  moment  of  glowing  or  flaming 
ignition.     This  allows  comparison  of  visual  identification  of  these  points  with  the 
traces  being  recorded  on  the  three-channel  recorder. 

The  ignition  boat  assembly  is  designed  to  test  small  sections  of  forest  fuels 
(figure  7).     Trial-and-error  testing  has  shown  that  a  section  of  fuel  approximately  1 
inch  in  length  and  1/8-inch  in  diameter  is  the  optimum  for  a  furnace  of  this  size.  Fuel 
sample  dimensions  are  limited  by  the  size  of  the  ignition  chamber.     Conifer  needles, 
grass  stems  and  leaves,  and  sections  of  rotten  wood  have  been  tested  in  this  furnace. 

The  types  of  heat  transfer  and  total  heat  flux  were  determined  for  this  furnace  by 
using  a  3/8-inch  solid  gold  sphere  instrumented  with  a  thermocouple  probe.6    When  using 
a  constant  airflow  of  5  liters  per  minute  the  total  heat  flux  input  at  the  ignition 
chamber  was  0.735  cal . /cm. 2-sec .     Of  this  amount,  55.4  percent  was  convective  heating 
and  44.6  percent  was  radiative  heating. 


5D.  S.  Stockstad.  Gold  spheres  for  heat  flux  determinations.  1968.  (Unpublished 
data  on  file  at  Intermountain  Forest  and  Range  Exp.  Sta.,  Northern  Forest  Fire  Labora- 
tory, Missoula,  Montana.) 
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Figure  7 .  — Enlarged  section  of  ignition  boat  with  a  1-inch  section  of  pine  needle  in 
test  position.     Note  positions  of  air  temperature  thermocouple  and  surface  temperature 
thermocouple . 

LITERATURE  CITED 

Brown,  F.  W. ,  III . 

1964.     Glow  ignition  of  woods  caused  by  high  thermal  radiation--ponderosa  pine. 

U.S.  Nav.  Civil  Eng.  Lab.,  Port  Hueneme,  Tech.  Note  N  624,  18  p.,  illus. 

Butler,  C.  P. 

1955.     High  intensity  carbon-arc  sources  for  thermal  radiation  studies.     U.S.  Nav. 
Radiol.  Def.   Lab.  Tech.  Rep.  453. 

Lawson,  D.   I.,  and  D.   L.  Simms. 

1952.     The  ignition  of  wood  by  radiation.     Brit.  J.  Appl.  Phys .  3(9):  288-292, 
illus . 

Martin,  S. ,  and  W.  Lai. 

1958.     Ignition  of  alpha-cellulose  by  pulses  simulating  nuclear  weapon  air  bursts. 
U.S.  Nav.   Radiol.  Def.   Lab.  Tech.  Rep.  252. 


1959.     On  predicting  the  susceptibility  of  typical  kindling  fuels  to  ignition  by 
the  thermal  radiation  from  nuclear  detonation.     U.S.  Nav.  Radiol.  Def. 
Lab.  Tech.  Rep.  367. 


1963.  Ignition  of  cellulosic  kindling  fuels  by  very  brief  radiant  pulses.  U.S. 

Nav.  Radiol.  Def.   Lab.  Tech.  Rep.  66,  25  p.,  illus. 

Mutch,  R.  W. 

1964.  Ignition  delay  of  ponderosa  pine  needles  and  sphagnum  moss.     J.  Appl.  Chem. 

14:  271-275. 

Prince,  R.  E. 

1915.     Tests  on  the  inflammability  of  untreated  wood  and  wood  treated  with  fire 
retarding  compounds.     Proc .  Nat.  Fire  Protect.  Ass.   1915:  106-149. 

VonDeichman,  V. 

1960.     Forstwiss.  Zbl.   79(11/12):  352-361. 


Wright,  J.  G. 

1932.     Forest  fire  hazard  research.     Can.  Dep.  Interior,  Forest  Serv.,  Petawawa 
Forest  Exp.  Sta. ,  Ottawa,  Forest  Fire  Hazard  Pap.  2,  57  p.,  illus. 


7 


